Purpose: The aim of this study was to assess the physical properties of a novel resin-based endodontic sealer, Any-Seal, in comparison with AH Plus Jet. Materials and Methods: Flow, radiopacity and compressive strength were examined according to ISO 6876/2001. For flow test, 0.05 mL of sealer was placed between glass plate and 100 g weight were applied. Ten minutes after mixing the sealers, the load was removed and the diameters of the compressed sealer discs were measured. For radiopacity, 10 mm diameter and 1 mm thickness sample were fabricated and took radiograph with an aluminum step-wedge and analyzed using imaging program. For compressive strength test, 4 mm × 6 mm cylindrical specimen was fabricated and tested after 24 hours and 1 week using Universal testing machine. Results: Both tested sealers were consistent with ISO 6876/2001 in the flow and radiopacity test. The flow values of both sealers were not significantly different (P > 0.05). AH Plus Jet had significantly higher radiopacity (P < 0.05). AH Plus Jet showed higher compressive strength at both time intervals (P < 0.05). Conclusion: Any-Seal showed low compressive strength until after 1 week, so its physical and biological aspect should be evaluated more before clinical use. 
Introduction
Obturating the instrumented canal with endodontic sealer is an important step in endodontic treatment to achieve a fluid-tight or hermetic seal both apically and laterally. 1 Proper sealing action with sealers prevents apical leakage, reduces inflammation, minimizes the invasion of residual bacteria into the periapical tissues and resolves periapical lesions. 2 Hence, sealers should have certain characteristics to achieve an effective seal. 2 As stated by Grossman, an ideal endodontic sealer should have an excellent seal, radiopacity, a slow setting time, insolubility in tissue fluids, adequate adhesion between the canal wall and the filling materials, and suitable biological properties. 3 Furthermore, adequate flow and mechanical strength are desirable for clinical reasons. 4 Currently, a wide range of endodontic sealers with different bases is available: silicone, bioceramic, zinc oxide eugenol, glass ionomer, calcium hydroxide and resin. Among these options, resin-based sealers are superior due to their excellent physicochemical properties. 5 The AH series has been the most successful resin-based sealer for over half a century. 6 Recently, a new resin-based endodontic sealer with mixing syringe, Any-Seal (Mediclus, Cheongju, Korea), was launched into the market. According to the manufacturer, it consists of ethylene glycol salicylate, epoxy oligomer resin, zirconium oxide and calcium phosphate. However, limited information is available on the physical and mechanical properties of AnySeal.
A new endodontic sealer being introduced into the market must be compared with frequently used sealers to evaluate its properties. 8 The maneuvering
and clinical behavior of endodontic sealers may be examined by performing laboratory tests on their properties. 9 The objective of this laboratory study was to assess the selected physical and mechanical properties of the newly introduced sealer Any-Seal, including flow, radiopacity and compressive strength, in comparison with AH Plus Jet.
Materials and Methods
AH Plus Jet and the new endodontic sealer AnySeal were used in this study ( Table 1) . The properties flow, radiopacity and compressive strength were selected and examined.
Flow test
The flow was evaluated according to ISO 6876/ 2001. A volume of 0.05 ± 0.005 mL of each tested sealer was placed on a glass plate (40 × 40 × 5 mm) using a graduated disposable 1 mL syringe. Three minutes later, another glass plate weighing 20 ± 1 g and a 100 g weight were applied on top of the sealer. Ten minutes after mixing the cement, the load was removed, and the maximum and minimum diameters of the compressed sealer discs were measured using a digital caliper (Mitutoyo, Mitutoyo Cop, Kawasaki, Japan). The test was repeated if both diameters did not fall within 1 mm, and three tests were performed for each sealer (Fig. 1 ).
Radiopacity
The radiopacity test was performed in accordance with the specifications of ISO 6876/2001. Three specimens with 10 mm diameter and 1 mm thickness were fabricated for each sealer using metallic ring molds. Samples were incubated (37°C, 95% humidity) until completely set. The specimens were positioned on a digital X-ray sensor (Kodak RVG 6100, Marne la Vallée Cedex, France) along with an aluminum step-wedge graduated from 1 to 10 mm in 1 mm increments. Radiographs were taken using an Xray machine (UL Medical Equipment Ltd, Fremont, USA) operating at 70 kV, 7 mA, 1 second exposure time and 300 mm focus-sensor distance. The radiopacity value was assessed using an imaging program (Infinit G3 PACS, Seoul, Korea) (Fig. 2) .
Compressive strength
Twenty cylindrical specimens with 4 mm diameter and 6 ± 1 mm height were produced for each sealer group. Half of each group was kept in the incubator (37°C, 95% humidity) for 24 hours and half for 1 week. The specimens were checked visually without magnification for air voids or chipped edges. Specimens with any such defects were discarded. The diameter of each specimen was calculated by taking the mean of two measurements at right angle to each other to achieve an accuracy of (± 0.01) mm using a digital caliper. The compressive strength test was performed using the Universal Testing Machine (R&B, Daejon, Korea) with a load of 800 kg and cross head speed of 1 mm/min. The maximum force exerted when the specimen fracture occurred was noted, and the compressive strength was calculated in megapascals using the following formula: Where P is the maximum force applied in newtons, and D is the measured diameter of the specimen in millimeters (Fig. 3) .
Statistical analysis
The Independent-T test was used to analyze the data in SPSS Statistics Ver. 23 (IBM, New York, USA). The significance level was set at 0.05.
Results
The flow and radiopacity results satisfied the specifications of ISO 6876/2001. The mean and standard deviation of the flow (mm) is shown in Table 2 . The flow values of AH Plus Jet and Any-Seal were not significantly different (P = 0.47). The flow of AnySeal did not agree with the flow value (40 mm) given in the manufacturer's instructions, performed using the same standardized test. The mean and standard deviation of the radiopacity (mm Al) is shown in Table 3 . The radiopacity of AH Plus Jet was significantly higher than Any-Seal (P = 0.008). The radiopacity value of Any-Seal in this study followed the value (6 mm Al) given by manufacturer. Table 4 shows the mean and standard deviation of the compressive strength of four experimented groups. AH Plus Jet showed higher compressive strength for both 24 hours and 1 week than Any-Seal (P = 0.000). The compressive strength values in increasing order were Any-Seal 24 hours < Any-Seal 1 week < AH Plus Jet 24 hours < AH Plus Jet 1 week.
Discussion
The main responsibilities of endodontic sealers are sealing the prepared canal and entombing the residual bacteria. 10 The composition and type of endodontic sealer influence its ability to perform adequately in clinical situations. 11 A higher success rate of endodontic treatment may be associated with enhanced physical properties of endodontic sealers and with certain diagnoses. 12 Laboratory tests on the properties of endodontic sealer provide a better understanding of its clinical comportment and manipulation. 11 Two systematized specifications, ISO 6876
and ANSI/ADA # 57, are frequently used to examine the physical properties of endodontic sealers in the laboratory. These 2 standards are harmonized, with little difference in the amount of sealer used to evaluate flow and working time (0.05 ± 0.005 mL is required for ISO 6876/2001 and 0.5 ± 0.05 mL for ADA no. 57). 11 The current study was conducted based on ISO 6876/2001. Flow is a significant characteristic of endodontic sealers, 13 associated with particle size, temperature, shear rate and time, internal diameter of the tubes and insertion rate. [14] [15] [16] [17] [18] An acceptable flow should be sufficient to reach the canal irregularities, whereas an excessive flow may lead to an increased rate of periapical extrusion of material, which can damage the periapical tissues. 19 Thixotrophy is defined as a time-dependent shear thinning property in which a constant viscous fluid will flow, and its viscosity will be thin and less viscous when vibrated and churned or under shear stress. It will recover to a more viscous behavior after a finite time or once the stress is removed. AH Plus Jet is designed to be slightly thixotropic to establish stability in the root canal. According to ISO 6876/2001, the tested sealers should have diameter greater than 20 mm, and both sealers in the present study were tested in accordance with this requirement. The flow of AH Plus Jet in this study was similar to the investigations of previous studies of AH Plus 11 and greater than in a followup study. 20 The flow of Any-Seal was lower than the value described in the manufacturer's instruction. The radiopacity of endodontic sealers is nonnegotiable, 13 which improves the procedure to facilitate diagnosis. 12 The endodontic sealer should have adequate radiopacity to be distinguished from the nearby anatomic structure. 21 Composition and filler concentration are significant factors in the radiopacity of dental materials. 12 The chemical structure of radiopacifying agents in dental materials should have wide tolerances because the atomic number or relative mass affects the radiopacity. 22 However, the synergy among the radiopacifying agents determines the final radiopacity. 23 The radiopacity of 1 mm aluminum is equivalent to a 1 mm thickness of dentine. 24 Thus, the radiopacity value should be greater than or equal to 3 mm aluminum, as specified by ISO 6876/2001. The radiopacity values of the sealers used in this study complied with the ISO specification. AH Plus Jet presented a higher radiopacity value than Any-Seal (P < 0.05) because AH Plus Jet has radiopacifying agents: zirconium oxide and calcium tungstate. 25 The synergic effect in the coordination of zirconium oxide and calcium tungstate results in excellent radiopacity. 26 However, Any-Seal includes only zirconium oxide in its composition. Previous studies of AH Plus reported radiopacity values ranging from 5.97 ± 0.24 -16 mm Al. 13, 26, 27 Compressive strength reflects the setting process of dental materials. 4 The mechanical strength of endodontic sealer is not always recognized as an essential property. 2 However, high compressive strength can be beneficial to reinforce the instrumented tooth and to withstand the displacement of cones during post and core placement. 2 In this study, AH Plus Jet had higher compressive strength at both experimental time intervals (P < 0.05). This difference may be due to the strong bonds among the resin monomers. 28 Time and compressive strength are directly proportional in this study; the longer the time, the higher the compressive strength. The 1 week experimental groups of both sealers presented higher compressive strength than the 24 hours experimental groups. Any-Seal had low compressive strength until after 1 week. The particle size of radiopacifying agents may affect the compressive strength. 29 A higher quantity of monomer interacting during polymerization can hinder the setting process and result in low compressive strength. 29 The other properties such as cytotoxicity, biocompatibility and sealing ability should be evaluated before clinical use.
Conclusion
In conclusion, the flow and radiopacity values of the tested sealers fulfilled the ISO requirements. AH Plus Jet had higher radiopacity and compressive strength than Any-Seal. Any-Seal demonstrated unsatisfactory compressive strength, which indicates the setting time of the dental materials.
